Abstract -The environment around the residence could contribute to attenuate or increase time spent in sedentary activities, and in low energy expenditure activities (1.5 METS) in adolescents. The aim of this study was to analyze the association between sedentary time and perceived neighborhood environment in adolescents aged 12-17 years living in southern Brazil. This was an observational cross-sectional study conducted from August 2013 to May 2014, with a sample of adolescents (12-17 years), recruited from 32 census tracts in Curitiba, Brazil. All census tracts were selected according to walkability and income characteristics. Perceived environment was assessed through the NEWS-Y questionnaire, and sedentary time along seven days was obtained through accelerometers (GT1M, GT3x and GT3x+). Linear regression models were used to test the associations, and included age, nutritional status, socioeconomic level and education level as confounding variables. All analyses were performed considering p-value <0.05 through SPSS software 20.0. The analytical sample included 364 adolescents (girls=50.5%; mean age=14.7, SD=1.7) with valid accelerometry data, showing on 489.6 minutes/day (SD=99.5) spent in sedentary time activities. After adjusting for confounding variables, only the perception of places for walking and cycling remained associated with sedentary time for both boys (B=-23.402, p=0.016) and girls (B=-15.572; p=0.079). Perception of places for walking and cycling has an inverse relationship with sedentary time among adolescents living in places with extremes of walkability and income. (B=-23,402; p=0,016) quanto para meninas (B=-15,572; p=0,079 
INTRODUCTION
The social, economic and technological changes that have occurred in the last decades have contributed to marked changes in the behavior of children and adolescents, especially regarding physical activity (PA) and sedentary time (ST) 1 . Current recommendations suggest that children and adolescents should limit their ST 2 to a maximum of two hours a day. However, the current scenario is increasingly distant from this recommendation, since more than half of Brazilian adolescents spend at least two hours a day or more watching television and / or sitting on a common weekday for more than three hours involved in other activities such as computer use, video games and other activities 3 . Studies conducted in developed countries have indicated that these values are even more worrisome, since adolescents spend between 5.5 and 8.5 hours per day on ST 4 . Prolonged exposure to ST is associated with a number of negative health indicators, including increased risk of all-cause mortality, problems related to sleep, attention, and learning impairments 5, 6 . Moreover, excess ST is also associated with a higher incidence of obesity, lower levels of PA and higher consumption of foods rich in calories and fat 7 . In addition, people who adopt ST in childhood and adolescence tend to maintain or increase this behavior in adulthood 1 . The environment around the residence to which adolescents are exposed can attenuate or accentuate their ST. For example, access to places suitable to play, adequate knowledge about the neighborhood in which they live, positive standards for PA in the neighborhood, and high perceived safety that mothers have about the neighborhood have an inverse relationship with screen time 4 . In addition, the size of open public spaces, dead-end streets, and the quality of parks and playgrounds in the neighborhood is inversely related to computer and video game time in children 8 . On the other hand, domestic access to devices such as video game, computer and television showed positive association with screen time 4 . In Brazil, there is still lack of evidence on the relationship between the neighborhood environment and home with ST, the associations found are still weak, inconsistent with international literature and from studies with self-reported ST measures 9 . The aim of this study was to evaluate the association between ST and perceived environment characteristics in adolescents aged 12-17 years.
METHODOLOGICAL PROCEDURES
This is a cross-sectional study in the form of a household survey and combined objective measures (accelerometers) and self-reports (questionnaires). Data were extracted from a larger project called ESPAÇOS Adolescentes. This project aims to investigate the association between the built environment, PA and obesity in adolescents 10 . In Brazil, it was carried out in the city of Curitiba-PR and was divided into four stages, selection of sites according to walkability and income index, selection of census tracts, selection of adolescents living in selected sites and finally visits; in the first visit, the accelerometer was delivered for the adolescent along with the instructions, in the second visit, the accelerometer was collected and an interview with the adolescent was conducted. This project was approved by the Ethics Research Committee of PUCPR (protocol no. 1356.945 / 2012).
Sample selection and data collection
Sampling used census tracts as primary sampling units, which were defined from the characteristics of walkability and income. The walkability index of each sector was computed from three environment indicators: residential density, street connectivity and land use mix 11 . This information was made available by the Institute of Research and Urban Planning of Curitiba (IPPUC), based on the geographic information system (GIS). The overall walkability score was obtained after adding the Z score of the three indicators. The median Z score was -1.0409 with minimum values of -2.73 and maximum of 2.67. All census tracts were included (n = 2.395) and for each area, the walkability score was estimated. Sixteen sectors of high and 16 sectors of low walkability were selected, being eight of low income and eight of high income in each category, totalizing 32 census tracts. For income variable, the median was R$ 2.340,40, with minimum of R$ 968,58 and maximum of R$ 5.101,68. From the selection of the census tracts with different characteristics of environment and income, it was possible to select adolescents with gender distribution in order to guarantee statistical power.
Adolescents aged 12-17 years enrolled in the public or private education network of Curitiba-PR, residing in the census tract selected for at least one year, with no physical limitations (which prevented the practice of physical activities) or cognitive limitations (which prevented the comprehension of questions) were considered eligible for this study.
Data collection was performed between August 2013 and June 2014 by the members of the Research Group on Physical Activity and Quality of Life (GPAQ ), all received theoretical and practical training. Data collection took place in two moments, at the first moment, the interview with the family head and the delivery of the accelerometer for the adolescent was carried out, in the second moment, the accelerometer was collected, interview with adolescents and anthropometric measurements were performed. Both signed the free and informed consent form.
Study instruments and variables
• Independent variable The Neighborhood Environment Walkability Scale for Youth (NEWS-Y), adapted for Brazilian adolescents 12 , was used to assess perceptions of the neighborhood environment with response options in the likert scale format (5 points). The questions related to adolescents' perception of residential density, land use mix, street connectivity, access to places, places for walking and cycling, aesthetics, traffic and crime-related safety and neighborhood satisfaction 12 . All questions related to the characteristics of the surroundings of the adolescents' residence, considering the distance traveled in a 10 to 15 minutes walk from the residence. The validity and reliability of the instrument was tested and showed good agreement in most blocks, with six domains with intra-class correlation coefficient above 0.72 (p <0.05) and cronbach's alpha above 0.67.
• Dependent variable ST was determined from measurements obtained with the use of accelerometers (Actigraph GT3X Plus, GT3X and GT1M) used in the hip. Devices were programmed to be used for seven consecutive days, with epochs of 30 seconds. ActiLife software version 6.11.5 was used for programming, downloading and processing data. Records containing <60 minutes of consecutive zeros (without records) in one hour were considered valid, including only those with ≥10 hours (weekday) and ≥8 hours (weekend) with records. Participants who presented valid records for at least five days with at least one day of the weekend were considered eligible for the study 13 . In all, 44 adolescents (8.8% of the total number of accelerometers sent to the field) did not present valid records and were invited to reuse the accelerometer and 33 successfully re-used them (6.6% of the total). The cutoff point used for sedentary time classification was <100 counts/minute 14 . The monitoring during the use occurred by telephone on the 2 nd and 5 th day of use in order to verify the correct use and clarify doubts.
• Confounding Variables Information on sex, age, nutritional status, socioeconomic level and parental schooling was obtained through a questionnaire. Sex was obtained by the observation of interviewers (male and female). Age was calculated from the date of birth. For nutritional status, measures of weight and stature obtained according to Conde and Monteiro were used 15 . For socioeconomic status (SES), the questionnaire proposed by the Brazilian Association of Research Companies 16 was used, which considers the number of household appliances, presence of maid and parental schooling, which was reported during the interview with parents.
• Analysis and treatment of data For the purposes of analysis, variables were treated as follows: the perception of the environment was calculated through a score generated from the sum of items in each domain, obtaining the mean of each domain. ST was analyzed in minutes per day, and age was continuously used. Nutritional status was classified into three categories: a) low weight, b) adequate weight and c) overweight/obesity, according to recommendations of Conde and Monteiro 15 . SES was classified into three levels: a) low (C1 + C2 + D + E), b) intermediate (B1 + B2) and c) high (A1 + A2). Finally, schooling was classified into three levels: a) up to elementary school, b) complete high school and c) complete higher education.
Confounding variables with three or more classification levels (SES, nutritional status and parental schooling) were transformed into dummy variables to allow their inclusion in multiple linear regression analyses to identify the specific contribution of each level in the final models. Pearson's correlation was used to test the association between independent variables and potential confounding variables with the dependent variable, and collinearity was tested by examining the variance inflation factor (FIV). Finally, multiple linear regression analyses were conducted to identify the contribution of the perceived neighborhood environment in adolescents' ST. Three regression models were created. In the first model, bivariate analyses were performed between individual variables, perceived neighborhood environment and ST. In the second model, a multivariate analysis was performed between each domain of the perceived environment and ST adjusted for confounding variables that presented p <0.05 in the bivariate analysis (age, socioeconomic level, parental schooling). In the third model, a multivariate analysis was performed between all domains of the perceived neighborhood environment that presented p <0.05 in model 2 adjusted for confounding variables. Descriptive and linear regression analyses were stratified according to sex and conducted in SPSS software version 20.0, adopting significance level of 5%.
RESULTS
A total of 503 families (one parent and one adolescent per family) participated in the study. Of these, 364 (72.4%) presented adolescents with valid accelerometer data, and these were included in the analytical sample. No significant differences were found in sociodemographic characteristics between participants with valid and non-valid accelerometry data. Participants had mean age of 14.1 (SD = 1.7) years, with similar distribution between boys and girls (50.5% girls), predominantly with normal weight (69.6%) and intermediate socioeconomic status (55.2 % classified in strata B1 and B2). Regarding schooling of the family head, 39.7% (n = 144) reported having completed high school. The adolescents spent, on average, 489.6 (SD = 99.5) minutes per day in ST (Table 1) . Table 2 Table 3 presents the results of the linear regression models between ST and perceived environment for girls. Model 1 presents the bivariate analysis data, and only variable age (B = 18.494; p <0.001) was associated with ST. In the model 2, the results of the bivariate analyses between environment domains and ST, adjusted for confounding variables that showed p <0.05, showed that land use mix (B = -23.412; p = 0,051) and perception of places for walking and cycling (B = -17.603; p = 0.046) presented significant associations. Finally, in model 3, composed of confounding variables and perceived environment variables that presented p <0.05, the results showed that age (B = 20.648, p = 0.001) and perception of places for walking and cycling (B = -15.572, p = 0.079) maintained significant results. 
DISCUSSION
The findings of this study demonstrate that there is a negative association between ST and places for walking and cycling between adolescents of both sexes from the city of Curitiba, Brazil. This study was the first to investigate the association between ST, measured by accelerometry and the perceived neighborhood environment in adolescents aged 12-17 years in Latin America. Studies such as this are fundamental to understand which aspects of the neighborhood environment in which adolescents live and are exposed to can be modified or used in interventions that attenuate or reverse the increase of ST in this population group. The positive association between ST and age is reported in several studies conducted in different countries, showing that ST increases from childhood to adolescence 17, 18 . In addition, those who remain in ST for hours during adolescence are more likely to maintain this behavior in adulthood 1, 19 . A recent review (only with longitudinal studies) of changes in ST from elementary to high school found, based on 19 independent samples, that both screen-based ST and overall ST increased during school transition 17 . In general, there was an increase of approximately 10-20 minutes per day per year in sedentary time, evaluated by accelerometry 17 . It is speculated that increased responsibilities, search for good academic performance, entry into the labor market, and other priorities may contribute to this association. In addition, ST seems to be more accessible and easier than PA, tending to increase as the child spends more time alone at home, with access to television and computer in their own rooms 20 . Another finding of the present study showed that belonging to the intermediate socioeconomic level, when compared to the low socioeconomic level, and the fact that the family head had higher education was associated with higher ST among boys. This association is consistent with other national studies 21, 22 . Possibly, higher schooling can help increase family income, thus facilitating access to sedentary leisure facilities and activities.
The perception of nearby places for walking and cycling, characterized by the perception of the quantity and quality of sidewalks available in the neighborhood where adolescents reside was associated with ST for boys and girls. Considering that the positive attributes of the environment influence the type of transportation and commuting 11, 23, 24 , the presence of these places and their proximity are believed to encourage active commuting (walking or cycling) among adolescents, which are represented in large part by mild intensity PA. This finding corroborates studies conducted in other countries that have reported that environmental domains are associated with PA 25 . Such findings reinforce the premise that ST can be minimized since adolescents spend longer time performing light intensity PA that may reflect improvements in the physical environment (e.g., sidewalks), where adolescents reside 26 . Active commuting (walking and cycling) can significantly contribute to the increase of global PA levels, and presents benefits to the individual's health 27 . However, ST contributes to all-cause mortality when related to mild or moderate PA levels 6, 28 , e.g., high levels of moderate PA attenuate the increased risk of death associated with ST, although moderate PA does not eliminate the increased risk associated with excessive ST. In this way, the diversity of places for walking and cycling, positively perceived by adolescents, is important to reduce ST in adolescents from Curitiba-PR and contributes to lower mortality in the general population. However, it is critical to consider that the perception of the environment around the adolescent's residence differs between sexes 29 , so the interventions in order to reduce ST should be different for boys and girls.
Based on these findings, it is important to consider variables of different levels (intrapersonal, interpersonal and environmental) in studies that attempt to understand a certain behavior, as recommended by the socioecological model 30 . The same difficulty found in Brazil in understanding the aspects that can influence the ST of adolescents, is verified in developed countries. Studies that attempted to respond to the relationship between ST and perceived environment with similar aims as this study have found that adolescents residing in neighborhoods more favorable to PA practice spent less time on sedentary behaviors; however, these analyses, as well as the present study, were not adjusted for the PA level of adolescents [7] [8] [9] . Some limitations need to be considered, since as it is a cross-sectional study, it is not possible to identify the causal relationship between variables, and it is only possible to verify associations between them. In addition, the sampling process was established to expand the contrasts of areas with different physical and social characteristics; however, the sample is not representative of the city's adolescent population, so data cannot be extrapolated. However, no response bias was found, which allows considering that adolescents living in the sampled areas were well represented. Moreover, the sample size allowed detecting effects smaller than those found in the present study. The neighborhood walkability and income scores were not tested as confounding variables.
CONCLUSION
The results of this study demonstrate that the perception about the existence of places for walking and cycling has an inverse relationship with ST in adolescents from the city of Curitiba-PR, Brazil. Interventions to reduce ST among adolescents should take into account the environment around the adolescents' homes, improving the quantity and quality of sidewalks, cycle paths, parks and areas that allow them to walk or cycle. However, exposure to favorable environments can help reduce ST in this phase, which strengthens the importance of these findings in policies and changes with a focus on improving the neighborhood and city environment.
Studies in this area should use common measures such as those used in other countries to make comparisons of findings between countries with similar cultures and environmental characteristics and these studies should investigate the associations between ST and perceived environment considering psychosocial variables, quantity of items in the room and ST bouts in order to identify associations that best explain these behaviors among adolescents. Intervention or longitudinal studies would answer these questions with more consistent data.
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